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456a Tuesday, February 5, 2013channels was reversibly altered by the compound. Interestingly, this 2-APB
effect on Kv1.3 channels did not depend on cytosolic pH. In summary, these
experiments suggest that inhibition of TRPM7 channels by 2-APB is not di-
rect but rather, can be explained by cytoplasmic acidification and resulting
channel inhibition.
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Sensing potential harmful stimuli is crucial for the survival of the organisms.
The detection of these stimuli relies on specialized proteins that localize on
the surface of certain sensory cells. The Transient Receptor Potential ion chan-
nels are involved in sensing some of those stimuli such as temperature, pH and
different chemical compounds. Upon activation, they evoke ionic currents that
trigger action potentials in primary sensory neurons.
An important unsolved question regarding TRP channel’s function, is how the
energy of the activating stimuli is coupled to channel opening. Several lines of
evidence have pointed to the cytosolic C-terminus of these channels, known as
the TRP domain, as a pivotal coupling region.
To further understand the role of this domain in channel function, we have de-
signed a set of chimeras in the cold menthol receptor (TRPM8) that incorporate
the corresponding region of the heat-activated TRPV1 channel. We focused in
the small region between the last transmembrane segment (S6) and the TRP
Box. Our data indicate that this small region is essential for the function of
TRPM8 and TRPV1. within this region, we have found a mutation that turns
TRPM8 into constitutively active (Y981E). Strikingly, this constitutive activity
could become regulated upon the addition of another mutation within the same
region (V986I). The resulting channel shows the same current amplitude as the
wild type, but the response to voltage is faster. In addition mutations in the
same region hamper TRPM8 function D991K. Based on the available
TRPM8 structural model we interpret the effect of these mutations on the chan-
nel function and we propose a possible mechanism for the gating process of
TRPM8.
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The TRPM8 ion channel is expressed in sensory neurons and responsible for
sensing environmental cold temperatures and a number of chemical com-
pounds, such as menthol and icilin. The functional activity of the channel is
regulated by various physical and chemical factors, and is likely to be pre-
conditioned by its molecular composition. Our studies uncovered that
TRPM8 channel forms a structural- functional complex with the polyester -
poly-(R)-3-hydroxybutyrate (PHB). With mass spectrometric analysis, we
identified a number of PHB-modified peptides in the N- terminus of the
TRPM8 protein and in its extracellular S3-S4 linker. Removal of PHB by en-
zymatic hydrolysis, as well as site-directed mutagenesis of the covalent anchors
of PHB - serine residues, and adjacent hydrophobic residues interacting with
the methyl groups of the polymer, resulted in significant inhibition of
TRPM8 channel activity. We conclude that TPRM8 channel undergoes post-
translational modification by PHB and that this modification is required for
its normal functions.
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Many lipophilic small molecule ligands (drugs and natural compounds) are
known to interact with ion channels, but often experimental approaches to ad-
dress these interactions prove costly and time-consuming. Studies of these li-
gands using molecular dynamics (MD) simulations in an explicit lipid
bilayer system can aid our understanding of their possible mechanisms of ac-
tion with the target ion channels. Capsaicin, the active ingredient of chilli,
and related vanilloid ligands specifically modify the activity of the TRPV1
ion channel and are thought to interact with the transmembrane (TM) regionof the channel protein. However, many details of this interaction such as the
orientation of capsaicin and the involvement of other domains of the channel
remain unknown. In this study we employ MD simulations to define the inter-
actions of capsaicin and its analogues with lipid bilayers. Our simulations have
shown that capsaicin spontaneously partitions into phospholipid bilayers and
preferentially localizes at the bilayer/water interface. They also suggest the
possibility of capsaicin flip-flop from one side of the bilayer to the other. These
and related results are discussed in the context of understanding the significance
of the lipid bilayer environment to the orientation and kinetics of the interaction
of vanilloid ligands with TRPV1.
2334-Pos Board B353
Functional Characterization of the Double Knot Toxin (DkTx) as an
Activator of the TRPV1 Ion Channel
Jeet Kalia1, Chanhyung Bae2, Jae Il Kim2, Kenton J. Swartz1.
1NINDS, NIH, Bethesda, MD, USA, 2Department of Life Science, Gwangju
Institute of Science and Technology (GIST), Gwangju, Korea, Republic of.
The double knot toxin (DkTx), a peptide isolated from the Chinese bird spider
venom, activates the TRPV1 ion channel by binding to the channel with high
affinity. As its name suggests, DkTx consists of two cystine-rich lobes (K1
and K2) attached to each other via an oligopeptide linker. These lobes belong
to the inhibitory cystine knot (ICK) family of peptide toxins that modulate the
activity of voltage-gated ion channels. The mechanism by which ICK peptides
activate voltage-gated channels have been well-studied and these peptides have
served as powerful pharmacological tools for elucidation of the mechanism of
ion channel-mediated voltage sensing. It is therefore tempting to speculate that
DkTx has the potential to serve as a powerful tool to help elucidate the hitherto
elusive mechanisms of activation of TRPV1 by a wide range of stimuli includ-
ing chemical ligands and temperature. Here, we outline our initial efforts
towards achieving this goal. Specifically, we describe the high-yielding produc-
tion of DkTx from an E. coli expression system and report voltage clamp
experiments that yielded dose response curves for TRPV1 activation by
DkTx, K1, and K2, thereby revealing the order of potency of the toxins
(DkTx>K2>>K1). Moreover, the dose response curve for K2 suggests
a much more cooperative binding of the toxin to the channel (Hill coefficient
~4) as compared to DkTx (Hill coefficient ~1). To understand the molecular
basis of these results, we are currently studying the activation of TRPV1 by mu-
tants of K1, K2, and DkTx.
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Every organism needs molecular antennae in order to sense the environmental
temperature. In mammals, these antennae are a set of ion channels called thermo
Transient Receptor Potential (thermoTRP). TRPV1 is a heat activated channel
that belongs to TRP family, with an activation threshold around 42 C. Exper-
imental evidences show that TRPV1 posses a similar structural architecture to
voltage-dependent Kþ channels (Kv). Nevertheless, TRPV1 has a weakly volt-
age dependence (number of apparent gating charges, z¼ 0.83 e0) and in contrast
with the numerous positively charged residues contained in the S4 of Kv chan-
nels (~12 e0 gating charges/channel), it has only one arginine (R557) located in
the fourth transmembrane segment (S4). However, the molecular determinant
that confers the voltage sensitivity to this channel remains elusive. using site-
directed mutagenesis we have neutralized several charged amino acid (positives
and negatives) along to the channel. The electrophysiological studies (macro-
patch in X. laevis oocytes), surprisingly reveals that the uncharged S4 TRPV1
channels still conserve the same voltage dependence as wt channels. Further-
more, neutralizations in other transmembrane segments or even neutralizations
on the pore region do not affect the voltage sensitivity of TRPV1 channels.
Despite the weak voltage dependence of TRPV1 channel, the membrane volt-
age has a huge impact over the temperature activation; changing the activation
enthalpy and the ionic current kinetics. At hyperpolarizing potentials the tem-
perature activation shows a delay resembling the Cole-Moore shift. Further-
more, at depolarizing potential the channel kinetics speeds up, revealing an
allosteric connection between voltage and thermal stimuli. This work was sup-
ported by Fondecyt grant 1110430 to RL, Fondecyt 1120802 to CG and ACT
10224 to CG. CINV is a Scientific Millennium Institute.
